In order to alleviate the pressures of environmental pollution and the energy crisis, and to lay out and capture huge emerging markets as soon as possible, all countries in the world are vigorously developing new energy vehicles (NEVs). This paper analyzes the factors influencing the development capability of the NEV industry from the aspects of autonomy, controllability, and stability, and constructs an evaluation index system. Based on the improved entropy method and the catastrophe progression method, we establish an evaluation model for the development capability of China's NEV industry and comprehensively evaluate the development capability of 15 new energy auto companies. An empirical analysis finds that the outlook for the overall development capability of China's NEV industry is not optimistic, and there is a big gap in the industry, lacking core technology and independent innovation capability. We propose countermeasures such as increasing research and development (R&D) investment and innovation, and improving policy support.
Introduction
With increasing environmental pollution, especially increases in the urban air pollution index and hazy weather, environmental pollution and the energy crisis have become worldwide problems. Low-carbon environmental protection has gradually become the focus of attention in all countries. The continuous increase of traditional fuel vehicles has led to excessive consumption of nonrenewable energy and emission of pollutants, and severely damaged the living environment [1] . As a result, more countries are developing and using sustainable energy as an alternative in order to protect the environment [2] . The rapid development of new energy vehicles (NEVs) can largely alleviate the pressure on energy and the environment. Promoting technological innovation and transformation and upgrading the NEV industry have become important strategic moves in all countries [3] . In 2017, European countries announced that they would stop selling traditional fuel vehicles between 2025 and 2050 [4] . In 2018, automobile manufacturers such as China Chang'an Automobile, Beiqi Group, and Haima Automobile also indicated that they would eliminate traditional fuel vehicles by 2025 [5] . While reducing energy consumption and pollution emissions, transforming and upgrading the NEV industry will also be accomplished [6] .
In order to alleviate the increasingly prominent contradiction between environmental pollution and energy supply, China is vigorously developing and popularizing NEVs [7] . In recent years, China's NEV industry has shown a rapid development trend ( Figure 1 ). The data show that in 2018, the sales volume of NEVs in China was 1.256 million units, an increase of 61.7% year-on-year [8] .
The sales volume ranks first in the world, as the world's largest NEV market [8] . However, there is still a problem in that the proportion of NEVs among total vehicle sales is not very high. The core technologies for the manufacture of NEVs have not yet fully addressed the outstanding problems that need to be solved, such as autonomy and control [9] . With the proposed concept of "Made in China 2025," the comprehensive strength of intelligent manufacturing of China's new energy equipment has been significantly improved, especially in the rapid rise of NEVs, which is gradually catching up with the pace of developed countries [10] . At present, the level of development of China's high-tech industry is still far from that of developed countries, so the development of NEVs has also encountered bottlenecks [11] . This also reveals that China is insufficient in terms of independent innovation, and it lacks autonomous and controllable core products. The core technologies are still subject to human malpractice. problem in that the proportion of NEVs among total vehicle sales is not very high. The core technologies for the manufacture of NEVs have not yet fully addressed the outstanding problems that need to be solved, such as autonomy and control [9] . With the proposed concept of "Made in China 2025," the comprehensive strength of intelligent manufacturing of China's new energy equipment has been significantly improved, especially in the rapid rise of NEVs, which is gradually catching up with the pace of developed countries [10] . At present, the level of development of China's high-tech industry is still far from that of developed countries, so the development of NEVs has also encountered bottlenecks [11] . This also reveals that China is insufficient in terms of independent innovation, and it lacks autonomous and controllable core products. The core technologies are still subject to human malpractice. Traditional cars will still dominate consumption in the next 30 years (see the technical roadmap of the key areas of "Made in China 2025" for details). The rapid spread of NEVs can greatly alleviate the pressure brought by energy and the environment. Therefore, NEVs will have a broad market and will become a key industry in the world [12] . The energy revolution, consumption upgrades, market competition, and other factors have prompted the rapid development of NEVs to become a strategic emerging industry worldwide [13] . In order to alleviate the energy and environmental crises and seize market dividends, all countries consider self-determination, controllability, safety, and stability as the basic principles for the development of NEVs [14] . Many countries have had outstanding achievements in innovation and exploration, independent key technology research and development, and enhancement of core competitiveness [15] . Although China temporarily ranks first in the sales of NEVs, its core technology lacks independent controllability, which is big but not strong. At any time, it may lose its rapidly developing and huge NEV market without the support of other countries. A comprehensive evaluation of the development capability of the NEV industry can objectively describe its current status, determine the current problems, and then propose targeted countermeasures to promote innovation and development.
The remainder of the paper is arranged as follows: the second section provides a literature review and research framework. The third section introduces research methods and data resources. We conduct an empirical analysis of the development capabilities of China's NEV industry in the fourth section. The fifth section discusses the influencing factors and conducts a robustness test. In the last part, we summarize the conclusions and propose new measures to adopt.
Literature Review
NEVs are different from traditional fuel-powered vehicles, in that they use unconventional fuel as their power source [16] . "Made in China 2025" defines the concept of NEVs [17] . According to the concept, NEVs include hybrid electric vehicles (HEVs), especially plug-in hybrid electric vehicles Traditional cars will still dominate consumption in the next 30 years (see the technical roadmap of the key areas of "Made in China 2025" for details). The rapid spread of NEVs can greatly alleviate the pressure brought by energy and the environment. Therefore, NEVs will have a broad market and will become a key industry in the world [12] . The energy revolution, consumption upgrades, market competition, and other factors have prompted the rapid development of NEVs to become a strategic emerging industry worldwide [13] . In order to alleviate the energy and environmental crises and seize market dividends, all countries consider self-determination, controllability, safety, and stability as the basic principles for the development of NEVs [14] . Many countries have had outstanding achievements in innovation and exploration, independent key technology research and development, and enhancement of core competitiveness [15] . Although China temporarily ranks first in the sales of NEVs, its core technology lacks independent controllability, which is big but not strong. At any time, it may lose its rapidly developing and huge NEV market without the support of other countries. A comprehensive evaluation of the development capability of the NEV industry can objectively describe its current status, determine the current problems, and then propose targeted countermeasures to promote innovation and development.
NEVs are different from traditional fuel-powered vehicles, in that they use unconventional fuel as their power source [16] . "Made in China 2025" defines the concept of NEVs [17] . According to the concept, NEVs include hybrid electric vehicles (HEVs), especially plug-in hybrid electric vehicles (PHEVs), battery electric vehicles (BEVs), and fuel cell vehicles (FCVs) [15] . This concept sometimes leads to a wider range of vehicle technologies, such as alternative fuel vehicles (AFVs) [18] .
NEVs started earlier in countries in Europe and in the United States. The US Department of Energy began funding research and development of electric vehicles in 1993, providing financial support for the research and development (R&D) of advanced rechargeable batteries and fuel cells [19] . The most important thing for emerging economies in terms of NEVs is innovation. We should increase our focus on technological innovation to increase our degree of autonomy and control [20] . The government playing a role in developing alternatives to traditional fuel vehicles, the effectiveness of government programs, and the flexibility of technology in government support programs are also essential [21] . NEVs are becoming increasingly intelligent, driving new developments in the field of intelligent transportation systems and improving the ability of independent control to ensure market competitiveness [22, 23] . In addition, a high degree of autonomous control can shorten the cycle of results conversion in the new energy sector and reduce the initial cost of discovery [24] . Studies have shown that the electric vehicle market grew by 40% year-on-year in 2018, and manufacturing is possible with core components such as traction motors that are independently developed and safe [25] .
As one of the major countries in the development of NEVs, China faces many difficulties and challenges [26] . It must accelerate the industrialization of energy-saving and independent innovations of NEVs [27] . The most important obstacle in China at present is the lack of skilled scientists, while legal and institutional barriers have also hindered further development of the new energy industry [28, 29] . China's NEV manufacturing enterprises have not broken through the key technologies of complete vehicles and some core components, and the cost of products is high [30] . It is necessary to focus on solving the autonomy of key components and gradually build an intelligent networked automobile industry chain to realize the strategic goal of being an automobile manufacturing powerhouse [31] . Under the new economic normal, NEV manufacturers need to support government subsidies, encourage innovation and other policies [32] , improve the industrial chain, and attract social capital to promote the expansion and technological progress of NEV manufacturing [33] . In view of the many problems that exist in the independent innovation of NEV manufacturing enterprises, some scholars have proposed increasing government support [34] , establishing their own technology systems [35] , developing leading enterprises [36] , unifying common standards [37] , and formulating roadmaps for technological development [38] . Improving the independent innovation capability of China's NEV manufacturing enterprises needs to start from the three levels of enterprises, industries, and countries [39] .
From a global perspective, many countries have given policy support to the development of NEVs [10] . The United States and Germany have clearly defined the goal of developing NEVs [40] . In recent years, China has also formulated a number of policies to support the development of NEVs [41] . In fact, as early as 2009, China's industry adjustment plan has had incentive policies for NEVs [42] . However, the original policy did not take into account the classification of NEVs [43] . With the development of NEVs, HEVs, FCVs, and pure electric vehicles have gradually become the focus of attention [44] . The policies developed by countries have also changed with changes of NEV types [45] . In the last decade, NEVs have undergone a process of shifting from the laboratory to the market [46] . With the gradual development of the industry, the NEV industry achieved rapid growth in 2018, so this is also known as the first year of NEVs [47] . In recent years, China's NEV industry has achieved rapid development and has become the world's largest NEV market, thanks to the diversification of government policies [48] .
Most studies have analyzed the necessity and influencing factors of developing NEVs, and proposed countermeasures from different angles. However, most of the research is limited to one or several influencing factors, and few of these factors are combined to comprehensively evaluate the development capabilities of the NEV industry. In addition, qualitative research methods are mostly used, and quantitative empirical analysis is used less. Based on previous research of experts and scholars [49, 50] and various research methods such as improved entropy and catastrophe progression methods, this paper constructs an industry development capability evaluation index system and empirically analyzes 15 Chinese NEV manufacturers as samples, makes a relatively objective and comprehensive evaluation of the development capacity of China's NEV industry, and performs cluster analysis of the comprehensive evaluation results to provide a certain theoretical basis for the upgrading of China's NEV industry and policy formulation.
Research Methods

Research Design
Since the Energy Conservation and New Energy Vehicle Industry Development Plan (2012-2020) was issued by the State Council in 2012 [51] , the number of NEV manufacturing companies in China has continued to grow. Most of these companies invest in a lot of R&D to research and produce key components of new energy vehicles to obtain government subsidies [52] . Only 15 companies have met the qualifications for NEV production [53] . Therefore, we selected these 15 companies as samples, and collected data on each indicator according to the evaluation index system of the NEV industry development capability. Since the ranges of values and unit dimensions between the various indicators are different, direct calculation will cause large deviations in the results [54] , so we first standardized the raw data before analysis. The weights of the indices in our development capability evaluation index system are different. We used the improved entropy method to calculate the weight of each index, and then constructed a mutation system model [55] . The advantages and development direction of each new energy vehicle manufacturing company are different. It is difficult to comprehensively measure a company by relying on one indicator. Therefore, we used the catastrophe progression method to quantify the indicators of each layer of China's NEV industry development capability mutation system model, and comprehensively evaluated the indicators to obtain a ranking of each company. In order to understand the development capability of China's NEV industry from a macro perspective, we used cluster analysis to further cluster the 15 companies based on the evaluation results [56] and obtain more intuitive analysis results.
Deviation Standardization Method
This paper uses the standardization of dispersion to deal with the raw data of the evaluation index of NEV industry development capability: x ij represents the raw data of index j of enterprise i, max(x ij ) represents the maximum value of the indicator, max(x ij ) represents the minimum value of the indicator, and x ij represents the standardized data, x ij ∈ [0, 1]
Improved Entropy Method
The entropy method is an objective method of weighting the index based on the information size of indicator data. The traditional entropy method introduces the concept of a logarithm and entropy in the calculation. Negative and extremum will have a certain influence on the operation result. In order to make the empowerment more objective and precise, this paper makes some improvements to the entropy method with reference to other scholars' research; first of all, the raw data is dimensionless [57] .
Assume that there are n enterprises in the evaluation model of the development capability of the NEV industry, m evaluation indicators, and the original indicator data matrix is
After the dispersion is normalized, the raw data is in the range of (0, 1), eliminating the influence of negative and extreme values, and the normalized data is represented by x ij .
Calculate the proportion of indicator x ij
Calculate the entropy of the m indicator
Calculate the weight of the m indicator
Define d j = 1 − e j as the information utility value for the j indicator. For the evaluation system of the multilayer structure, the additivity of entropy can be used to calculate the weight of the corresponding upper structure according to the index information utility value of the lower structure, summing the information utility value of each type of indicator of the underlying structure. Defined as
the sum of all indicator utility values is
The weight of the kth subsystem is
Catastrophe Progression Method
The catastrophe progression method combines qualitative and quantitative methods, which not only reduces subjectivity, but also loses scientificity and rationality. The calculation is relatively simple, the evaluation results are reliable, and it is often used for multiobjective evaluation and decision-making [58] .
1.
Construct a mutant system model-According to the intrinsic mechanism of the system, the general indicators are decomposed into multilevel primary and secondary contradictions, and the first and second columns are arranged into inverted tree structures until they are decomposed into measurable indicators. On the basis of determining the weight of each index, the indicators are arranged from left to right according to weight. The commonly used mutation models are spire type, dovetail type, and butterfly type, and their potential functions are as follows. Point mutation system model:
Swallowtail mutation system model:
Butterfly mutation system model:
where f (x) denotes the potential function of the state variable x of the mutation system, and the coefficients a, b, c, d of the state variable x denote the control variables of the state variable.
2.
Derive a normalized formula from the divergence equation of the catastrophe system model-Assuming that the equilibrium surface formed by all critical points of the potential function f (x) of the mutant system is Q, find the first derivative f (x) = 0 and the second derivative f (x) = 0 for f (x) that can obtain the equilibrium surface equation and the corresponding singular point set. The combination of f (x) = 0 and f (x) = 0 can be used to obtain the divergence point set equation. The three commonly used catastrophe model bifurcation point set equations are as follows. Point mutation system model bifurcation point set equation:
Dovetail mutation system model bifurcation point set equation:
Butterfly mutation system model bifurcation point set equation:
Thus, the normalization formula of three kinds of mutation system models can be obtained. Canonical formula of point mutation system model:
Canonical formula of swallowtail mutation system model:
Canonical formula of butterfly mutation system model:
3. Calculate and evaluate using the normalized formula-According to the determined number of control variables, the corresponding mutation model is selected, and the normalization formula of different models and the dimensionless data of the lowest level evaluation index are used to calculate the mutation level of the control variable. According to multiobjective fuzzy decision theory, if the indicators are not significantly correlated in the calculation process, the principle of noncomplementarity should be adopted, that is, 'large and medium take small'. If there is a significant correlation between the indicators, the principle of complementarity should be adopted, that is, 'average'. The catastrophe progression is calculated step-by-step from the bottom level, and finally the total is obtained for comprehensive evaluation.
Cluster Analysis
In this paper, we use the K-means algorithm to cluster the comprehensive evaluation results. The idea of the clustering method is to aggregate samples into their nearest mean class, which can optimally cluster one-dimensional data [59] . The key to the K-means algorithm is to choose the criteria for the center of gravity or the sum of squares within the cluster:
where r nk is 1 when data point n is classified to clusterk, otherwise it is 0. Since it is difficult to minimize J by looking up r nk and µ k , an iterative method can be used to fix µ k first, find the optimal r nk , then fix r nk and calculate the optimal µ k . Calculate by J to µ k to calculate the condition of µ k when J is minimum µ k = n r nk x n n r nk (18) That is to say, µ k should be the mean of the data points in all clusterk. Because the minimum value is obtained for each iteration, the reduction will not increase, thus ensuring that the algorithm results will eventually get a minimum value. The K-means algorithm can be mainly divided into the following three steps:
• Roughly divide the sample into K initial classes.
• Classify each sample into the class represented by the closest center point and calculate the new center point for each class:
• Repeat the above steps until the maximum number of steps is iterated or the difference between J values before and after is less than a threshold to get the optimal solution.
Empirical Analysis
Construction of Evaluation Index System for NEV Industry Development Capability
Criteria-Level Indicator
The rapid development of NEVs has effectively alleviated China's energy and environmental pressures, but there are still shortcomings in terms of a lack of core technologies. The development of the NEV industry chain is not mature enough to restrict the in-depth development of industrialization and marketization. It has not yet fully realized self-control, and it is imperative to promote technological innovation and transformation and upgrading of the automobile industry. Over the years, the 'four industry bases'-basic raw materials, basic components, advanced basic processes, and industrial technology foundations-have been the bottleneck restricting the development and upgrading of China's equipment manufacturing industry [60] . The automobile industry has a long chain and wide coverage. As a new industry, NEVs have a long period of R&D and production, and based on long-term demand for capacity supply, it is especially necessary for enterprises to maintain stable and healthy development. We chose autonomy, controllability, and stability as indicators.
Subcriteria-Level Indicator
One of the advantages of developing NEV enterprises is core manufacturing capability with independent innovation. Countries with industry leadership often demonstrate extraordinary adventurism and significant technological innovation to maintain their competitiveness and influence in this area [61] . The quality structure of people is a condition and assumption of a company's performance and success in the market. In order to ensure competitiveness, the quality, management, and related investment of human resources are the most important interests of the company [62] . Under the global market economy system, competition between countries and industries is becoming more fierce. Having good economic benefits will undoubtedly enable the healthy and sustainable development of enterprises, thus promoting high-quality development of the economy [63] . In terms of policy orientation, national policies can greatly promote and encourage the rapid development of related industries, carry out localization and substitution, create an independent and controllable system, and gradually realize the ambitious goal of manufacturing and building a strong country [64] . Autonomy mainly selects four indicators: independent innovation ability, personnel quality structure, economic benefit level, and policy support.
With the globalization of the market economy, the cruelty of market competition has become more important, and the quality of products has become the key to determining the outcome. Enterprises engaging in production and operation that blindly pursue production and income while neglecting the control of product performance will only gain short-term benefits and lose long-term development [65] . The safety and control of employees are very important in the development of a company. The safety of production is the foundation of a company's vitality [66] . With the rapid development of network and information technology, information security has become an important factor affecting the economic security and production security of enterprises. The success of information security depends on the information security behavior adopted by enterprises [67] . The controllability mainly includes three indicators: product safety evaluation, personnel controllability, and information security level.
An enterprise's sustainable development ability determines the vitality of the enterprise. The factors affecting the survival and growth of the enterprise are mainly from three aspects: the business leaders, the enterprise institutions, and the external environment [68] . With the continuous transformation of China's economic structure and the optimization and upgrading of its industrial structure, the market environment faced by enterprises is becoming more complex, and emergencies are occurring one after another. Enterprises need to have good organizational management capability to cope with unknown risks and maintain a competitive advantage in complex environments in order to win market competition [69] . Stability mainly selects two indicators, sustainable development ability and organizational management ability.
NEV Industry Development Capability Evaluation Index System
In summary, an evaluation index system for the development capability of the NEV industry consists of four levels: target, criteria, subcriteria, and index layers, as shown in Table 1 . Table 1 . NEV industry development capability evaluation index system. R&D, research, and development. 
Data Resource
Based on the list of new energy passenger vehicle companies disclosed by China's NEV Manufacturers Association, this paper selected 15 major NEV manufacturers as samples based on factors such as production scale and geographical location. The basic data contained both quantitative and qualitative parts.
The quantitative indicator data were obtained by querying the China Association of Automobile Manufacturers Statistical Information Network, the China NEV Network, the China Statistical Yearbook, and the Enterprise Annual Report. The qualitative indicator data were obtained by issuing questionnaires and asking experts in the industry to evaluate the scores. The raw data of quantitative indicators are shown in Table 2 (some of the data relate to trade secrets, so the company names are not used here). Note: For the meaning of A11, A12, A21, A22, A31, A32, A41, A42, B11, B12, B21, B31, please refer to descriptions in Table 1 .
Qualitative indicator data were obtained by means of expert evaluation and scoring. The key informant method was used to issue questionnaires in a targeted manner. We took the following two measures during the investigation: First, we selected large cities with a high penetration rate of NEVs (such as provincial capital cities) for research; second, we selected a representative group of specific people (such as automobile manufacturing engineers, scientific researchers, car testers, new energy car owners, etc.) to issue questionnaires. A total of 150 questionnaires were sent out and 102 valid questionnaires were collected, with an effective recovery rate of 68%. Although we have done our best to collect data and surveys, there are data limitations, especially in terms of the number and coverage of questionnaires. The qualitative data of the indicators are shown in Table 3 . Table 3 . Raw data of development capability evaluation indicators (qualitative part) of 15 sample enterprises. B22  B32  C11  C12  C13  C21  C22   NEV1  354  350  353  340  343  322  329  NEV2  327  319  301  308  300  263  294  NEV3  321  302  286  299  279  248  277  NEV4  365  378  396  374  380  384  360  NEV5  316  321  305  310  302  277  289  NEV6  346  344  346  338  336  320  325  NEV7  358  355  369  353  355  346  333  NEV8  336  332  318  322  306  294  300  NEV9  315  305  288  291  273  248  272  NEV10  349  353  345  347  349  327  330  NEV11  325  315  312  306  304  276  280  NEV12  347  343  340  337  330  313  313  NEV13  373  367  378  368  367  355  352  NEV14  376  364  378  375  375  386  362  NEV15  356  358  373  370  366  366  354 Note: For the meaning of B22, B32, C11, C12, C13, C21, C22, please refer to descriptions in Table 1 .
Company
Reliability and Validity Test
In this paper, we use the commonly used Cronbach's alpha method to test the reliability of the raw data. SPSS 22.0 software was used to analyze the reliability of the scale data. The test results are shown in Table 4 . The Cronbach's alpha coefficient of each index is greater than 0.9, indicating that the data reliability is very high. Note: According to most scholars, it is generally believed that when Cronbach's alpha coefficient is greater than or equal to 0.9, it is very reliable; between 0.8 and 0.9 it is good; and between 0.7 and 0.8 it is acceptable. Preferably, it is above 0.7.
In this paper, we used SPSS 22.0 software to verify the validity of the scale data by performing the Kaiser-Meyer-Olkin (KMO) and Bartlett spherical tests on the raw data. The test results are shown in Table 5 . The value of KMO is 0.917, indicating that the validity is very good. The Bartlett spherical test corresponds to a Sig value of 0, less than 0.05, and we can do further analysis. Note: In general, the validity is very good when the Kaiser-Meyer-Olkin (KMO) value is greater than or equal to 0.9, good when the value is between 0.8 and 0.9, general when the value is between 0.7 and 0.8, acceptable when the value is between 0.6 and 0.7, and poor when the value is lower than 0.6.
Standardized Processing
Since the dimensions of the various indicators in the evaluation system are different, if the raw data were used for analysis directly, the higher-value indicators would play a prominent role in the comprehensive analysis results, affecting the reliability of the results. Before the analysis, we first normalized the raw data, and the data after standardization are shown in Table 6 . Table 1 .
Evaluation of China's NEV Industry Development Capability
The raw data after the standardization process were converted into dimensionless values. The weights of the indicators were calculated according to calculation steps (2)- (7), and each level of the indicators was sorted according to weight from high to low, as shown in Table 7 . After calculating the weight of each indicator, we arranged each level of indicators from left to right according to the weight, and constructed a mutual index system for the development capability of China's NEV industry [70] , as shown in Figure 2 . According to mutation fuzzy theory, there are nine cusp-type mutation systems, three swallowtail mutation systems, and one butterfly-type mutation system. Sustainability 2019, 04, x FOR PEER REVIEW 13 of 22
The raw data after the standardization process were converted into dimensionless values. The weights of the indicators were calculated according to calculation steps (2)- (7), and each level of the indicators was sorted according to weight from high to low, as shown in Table 7 . After calculating the weight of each indicator, we arranged each level of indicators from left to right according to the weight, and constructed a mutual index system for the development capability of China's NEV industry [70] , as shown in Figure 2 . According to mutation fuzzy theory, there are nine cusp-type mutation systems, three swallowtail mutation systems, and one butterfly-type mutation system. . NEV development capability mutation index system. S is a swallowtail mutant system, A is a butterfly-type mutant system, B is a swallowtail mutant system, and C is a cusp-type mutant system; A3, A4, A1, A2, B2, B3, B1, and C2 are cusp-type mutation systems; C1 is a swallowtail mutant system.
Substituting the standardized data into the NEV industry development capability mutation index system, we obtained the fuzzy membership value of the index, as shown in Table 8 . Figure 2 . NEV development capability mutation index system. S is a swallowtail mutant system, A is a butterfly-type mutant system, B is a swallowtail mutant system, and C is a cusp-type mutant system; A3, A4, A1, A2, B2, B3, B1, and C2 are cusp-type mutation systems; C1 is a swallowtail mutant system. Substituting the standardized data into the NEV industry development capability mutation index system, we obtained the fuzzy membership value of the index, as shown in Table 8 . Note: For the meaning of A11, A12, A21, A22, A31, A32, A41, A42, B11, B12, B21, B22, B31, B32, C11, C12, C13, C21, C22, please refer to descriptions in Table 1 .
Using formulas (14)- (16), the comprehensive evaluation results were calculated based on the correlation between the indicators. Taking NEV1 as an example:
First calculate the correlation coefficient of each indicator and determine the correlation. The correlations between indicators of autonomy are shown in Table 9 . Then, calculate the value of each layer of the indicator according to the mutation theory. A32 and A31 constitute a cusp-type mutation system model, showing significant correlation. We should adopt the principle of complementarity, that is, the method of taking the average
A42 and A41 constitute a cusp-type mutation system model, showing nonsignificant correlation. We should adopt the principle of noncomplementarity, that is, the method of choosing small from big
In the same way, the calculation is carried out step-by-step from the bottom, and finally the total number of catastrophe progressions is obtained, and the evaluation results of the development capability of China's NEV industry are further obtained, as shown in Table 10 . 
Discussion
Analysis of Influencing Factors
Based on the above analysis, China's NEV industry development capability (S) is affected by many factors, such as autonomy (A), controllability (B), and stability (C). This paper further analyzes the influence of various factors on the development capability of China's NEV industry by constructing multiple regression models.
S is assumed to be a dependent variable, and the independent variables are A, B, and C, assuming that each one has a linear effect on the dependent variable. Based on this, we built a multivariate population regression model
where β 0 , β 1 , β 2 , β 3 are the regression parameters and ε is the random error term.
The following is an estimate of the model parameters using the results of China's NEV industry development capability evaluation and a hypothesis test, and a regression model to predict the dependent variable S. Substituting the evaluation results of China's NEV industry development capability into (20) , using the ordinary least squares (OLS) method for multiple regression analysis, the calculation results are shown in Table 11 . Predicted value: (constant) C, A, B. Note: R represents goodness of fit, which is used to measure the degree to which the estimated model fits the observation. The closer the value of R is to 1, the better the model is, and the adjusted R 2 is more precise than the R 2 before adjustment.
The adjusted R 2 value in Table 11 is 1, indicating that the independent variable can fully explain the change of the dependent variable, which means the multivariate regression model has a very high degree of fit and a small error.
According to the output of Table 12 , Sig = 0 < 0.05, we can explain the constructed multiple regression equation. In addition, the value of F represents the significance test result of the regression equation, indicating whether the linear relationship between the dependent variable S and all the independent variables A, B, and C in the model is generally significant. If F > Fa(k, n − k − 1), where k is the number of independent variables, n is the sample size, and n − k − 1 is the degree of freedom, then the null hypothesis is rejected and it can be considered that the individual independent variables in the model have a significant impact on the dependent variable; otherwise, there is no significant impact. In this paper, the number of independent variables is k = 3, the sample capacity is n = 15, and a indicates the significance level, which is generally 0.05, corresponding to Fa(3, 11) = 3.5874. In Table 12 , F is much larger than 3.5874, indicating that the independent variables A, B, and C have a significant influence on the dependent variable S. However, the result of the analysis of variance is an overall test of multiple independent variables, and cannot explain the effect of each independent variable on the dependent variable alone. Therefore, we continued to perform a one-sample test for each independent variable. The analysis results are shown in Table 13 . According to the output results listed in Table 13 , it can be seen that the independent variables A, B, and C all have a significant positive effect on the dependent variable S, and the degree of influence is B (0.548), A (0.544), and C (0.415). That is to say, autonomy, controllability, and stability have a significant positive impact on the development capability of China's new energy auto industry, and the degree of control has the greatest impact, followed by autonomy and weaker stability.
Robustness Test
In order to ensure the validity of the regression analysis, the heteroscedasticity of the regression equation needs to be tested. In this paper, we use the White test of no cross terms and use EViews 10 software to calculate the results, shown in Table 14 . Obs*R 2 represents the value of the statistic of the White test, and the accompanying probability of the corresponding heteroscedasticity test is Prob. = 0.0926 > 0.05. In the case of significance level α = 0.05, it is shown that there is no heteroscedasticity in the regression model, and the regression analysis is effective.
Cluster Analysis of Evaluation Results
We used MATLAB 2016a to perform K-means cluster analysis on the comprehensive evaluation results of China's NEV industry development capabilities. The results are shown in Figure 3 . From the results of the cluster analysis, it can be seen that the comprehensive evaluation of China's NEV industry development capabilities can be divided into three categories. It can be seen from the cluster analysis results that the overall level of China's NEV industry development capability is not high, and the gap between individuals is large. The average scores of the comprehensive evaluation results of the development capability of the three types of NEV enterprises are 0.6966, 0.4912, and 0.2420. The average score of the first category is higher than the second category by 0.2054, which is higher than the third category by 0.4546, and the gap is very obvious.
Conclusions and Policy Implications
Conclusions
This paper took 15 representative NEV manufacturing enterprises in China as a sample, and analyzed and evaluated their development capability by constructing a development capability evaluation system and applying various theories and evaluation methods. The study found that autonomy, controllability, and stability have significant positive impacts on the development capability of the NEV industry, and the degree of control has the greatest impact, followed by autonomy and weaker stability.
Overall, the outlook for the development capability of China's new energy auto industry is not optimistic. The analysis shows that the development capacity of most sample enterprises is at a medium or low level, and the industry development is still in its infancy. Especially in terms of product autonomy, stability and reliability, and cost control, there is still a big gap compared with other countries.
From the perspective of individuals, the gap in development capability among NEV manufacturers is more obvious. The analysis shows that there are many leading enterprises with strong development capability in China, such as NEV7 (0.7992) and NEV12 (0.7513), but enterprises The first category is companies with strong development capability. The comprehensive evaluation results of these enterprises are above 0.6, the scores are relatively high, and the development ability is relatively strong, including NEV2, NEV7, NEV9, NEV10, NEV12, and NEV14.
The second category is enterprises with general development capability. The comprehensive evaluation results of these enterprises are between 0.4 and 0.6, the scores are relatively centered, and the development ability is relatively general, including NEV1, NEV3, NEV4, NEV5, NEV8, and NEV13.
The third category is manufacturing enterprises with poor development capability. The comprehensive evaluation results of these enterprises are less than 0.35, the scores are relatively low, and the development ability is relatively poor, including NEV5, NEV6, and NEV11.
It can be seen from the cluster analysis results that the overall level of China's NEV industry development capability is not high, and the gap between individuals is large. The average scores of the comprehensive evaluation results of the development capability of the three types of NEV enterprises are 0.6966, 0.4912, and 0.2420. The average score of the first category is higher than the second category by 0.2054, which is higher than the third category by 0.4546, and the gap is very obvious.
Conclusions and Policy Implications
Conclusions
From the perspective of individuals, the gap in development capability among NEV manufacturers is more obvious. The analysis shows that there are many leading enterprises with strong development capability in China, such as NEV7 (0.7992) and NEV12 (0.7513), but enterprises with weaker development capability account for the majority. In particular, the development of enterprises in the same industry is very uneven, and it is difficult to form a benign pattern for competition and promotion of coordinated development.
From the perspective of indicators, the current outstanding problem that restricts the development of China's NEV industry is a lack of core technologies and insufficient capacity for independent innovation. The analysis results show that more than 40% of the sample enterprises have very low autonomy. Based on the results, it is found that the core technologies and operating systems required by China's new energy auto companies rely heavily on imports, and the localization level of key components such as engines, sensors, and chips is not high. Although China has been vigorously developing the NEV industry, there are still no complete domestic alternatives, and it is impossible for the country to completely rid itself of its dependence on imports.
Policy Implications
In response to the status quo of China's NEV industry development capability, we propose the following countermeasures:
• Increase R&D investment and improve the industrial chain-National and NEV manufacturing enterprises should value the power of knowledge and technology, strengthen R&D investment, fully carry forward the spirit of artisans, establish basic technology research institutions, focus on research on core components and key technologies, and strengthen internal cooperation within the industry, sharing common technologies and creating a complete chain of independent and controllable technologies.
• Intensify innovation and build independent brands-The Technical Roadmap for Key Areas of Made in China 2025 puts forward clear requirements for China's NEV industry. This requires relying on market power, taking NEV manufacturing enterprises as the leading factor, taking development as the orientation, combining the advantages of production, education, and research, driving innovation, improving the level of localization, forming independent and controllable innovative products, maintaining long-term stable development, and getting rid of dependence on imports.
• Improve policy protection and encourage industrial upgrading-Developing the industry is inseparable from providing policy support. At the national level, the leading role of the government should be fully exploited, and the development of enterprises should be free from worries. On the basis of existing policies, the state can further increase R&D subsidies, car purchase discounts, tax reductions, and other efforts, and provide policy support for NEVs from production to sales, create a good market environment, narrow the gap in the industry, and comprehensively improve the development capability of China's NEV industry.
